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Abstract. In this chapter we describe the application of an in situ RT-PCR technique to study the 
localization of allergen transcripts in the pollen grain of olive tree at the ultrastructural level. By means of this 
method digoxigenin-labeled UTP is incorporated after in situ PCR amplification of a cDNA which is also 
produced in situ by reverse transcription of mRNA. This method is combined with the fast and sensitive 
immunogold-(silver) detection system allowing demonstration of the mRNA localization. This technique 
may help to localize very low abundance transcripts. Another purpose of this chapter is to address 
considerations required of these techniques. 
Introduction 
Very efficient methods for analysis of expression at the cellular level have recently been developed, 
including in situ hybridization, in vitro transcription and in situ PCR [1]. The latter, in particular, are 
gaining in both applications and potential, since combined use of in situ hybridization and PCR enables the 
detection of target sequences under the threshold level for standard in situ hybridization [2].  
Although in situ PCR techniques were initially devoted to the the detection of virus sequences due to its 
ability to unmask latent infections, they have become widely used to identify low-abundant sequences in 
many other fields including the study of receptors [3, 4], hormones [5], enzymes [6], growth factors [7], 
transgenes [8, 9] and toxicological pathology [10].  
Many in situ PCR-based technological variants have also been described to date, including the 
coverslip mounted-immersion cycled (COSMIC) IS-RT-PCR technique [11], the in-well (microtiter tray) 
IS-RT-PCR [12], the direct primed IS-RT [13], the use of primers tagged with a far-red shifted 
fluorescent dye [14], the application of co-labeling using IS-PCR [15] and the IS-RT-nested PCR method 
[16], among others. 
Despite this expansion, two aspects of these techniques are particularly weak: their application to plant 
studies has been rather limited [17], and very few examples exist of their use at ultrastructural level [18-
20]. Here we describe an IS-RT-PCR protocol successfully applied to the detection of Ole e 1 (the olive 
pollen major allergen [21]) mRNAs by transmission electron microscopy. 
 
TEM-IS-RT-PCR Method 
 
 Material Preparation. Pollen was collected, purified by sieving through  a 50 µm mesh, and 
immediately fixed in 4% paraformaldehyde, 0.1% glutaraldehyde in 0.1 M sodium cacodylate buffer pH 
7.2 for 2 h at room temperature. The pollen was dehydrated in an ethanol series, gradually transferred to 
propylene oxide and embedded in Epon. Ultrathin sections (80 nm) were obtained with a Reichert-Jung 
ultramicrotome and transferred to 300-mesh nickel grids. Acrylic-type resins were also assayed, though 
their mechanical properties were poorer and their  resistence to heating was lower. 
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Pretreatment. The amount of time the sample is exposed to protease digestion (and therefore the 
strength of digestion) is arguably the most important variable in RT in situ PCR [22]. The function of the 
protease is to allow for entry of the primer/enzymes to the target sequence. The conditions used in this 
work represent a compromise between maintaining a high sensitivity threshold, and a relatively unaltered 
ultrastructure. A further acetylation treatment after the glycine solution which stops the protease digestion 
may also help to reduce background from especially binding to negative charges in the sections. 
RT and PCR Amplification. Both steps were carried out by immersing the TEM grids in solutions 
self-contained in an eppendorf tube, which was set into a standard 16-wells Progene thermocycler 
(Techne). These steps essentially consisted of the same compositions, times and temperatures already 
optimized for the equivalent reactions carried out in liquid phase, although the number of PCR cycles (also 
a critical parameter for the reaction) was generally lower. Stringency washes constitute an important step in 
order to remove unincorporated nucleotides and amplified sequences diffusing out of the original sites in the 
section. 
Detection of Amplification Products. Localization of amplicons is usually performed by using 
immunolabeling techniques, either with a single gold coupled antibody or a double immunolabeling 
technique as shown in the following detailed protocol. The latter also enables the preparation of an 
additional negative control for the reaction.  Several dilutions of the antibody should be tested in order to 
adjust the signal-to-noise rate. Additional silver enhancement techniques may be used to increase the size 
of gold particles so as to facilitate visualization. 
Controls. False positive labeling in IS-RT-PCR procedures may be caused by multiple factors, 
including the presence of DNA repair mechanisms, endogenous priming, amplification of genomic 
sequences, diffusion of PCR products and non-specific binding of antibodies. Therefore, a number of 
negative controls should be introduced in protocols in order to exclude such false signals. Basic control 
samples are those prepared by eliminating from the reaction the RT enzyme, the specific primer for PCR 
amplification or the thermostable polymerase. Additional control may include prior digestion of samples 
with DNase or RNase, and the omission of the primary antibody from the detection reactions. The 
inclusion of a positive reaction (a known positive tissue or amplicon –i.e. house-keeping genes as ubiquitin, 
tubulin or rbcL in plant tissues-), or at least of a complementary study in liquid phase, is also 
recommended.  
 
Future Developments 
 
 Different technical developments may further improve the quality of the localization. These include the use 
of alternative protocols for sample preparation (cryotechniques and low-temperature embedding), the 
standardization of protease and amplification treatments, and the inclusion of a DNAase step in order to 
remove genomic sequences. Because the intensive handling of grids increases the probability of the sections 
becoming dirty or even disrupted, the technique would benefit from those modifications which can reduce 
the number of transferences. Therefore we suggest the use of: i) a one-step RT-PCR procedure with the 
rTth enzyme instead of a two-step amplification, ii) a gold-labeled primary antibody instead of a sandwich-
type localization, and finally, iii) the appropriate gold particle sizes (thus eliminating the need for futher silver 
enhancement). 
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TREATMENT 
 
GRID 
series 
#1 
GRID 
#2 
GRID 
#3 
GRID 
#4 
 
PROTEINASE K: 10µg/ml in 0.1M Tris -HCl, 50mM EDTA pH 8.0 15’ at 37o 
C 
x x x x 
 
GLYCINE: 0.1 M in PBS 5’ x x x x 
 
PBS: 3x5’ x x x x 
 
REVERSE TRANSCRIPTIÓN: 
a) 65 µl H2O + 5 µl oligo-dT17 (540ng/µl)... 10’ 70
OC in Eppendorf tube 
b) add: 10 µl 5x RT buffer (Promega)+ 2.5 µl 10 mM dNTPs + 5 µl 0.1 M DTT 
+ 2.5 µl M-MLV RT(Promega). 
c) incubate: 
10’....... room temperature  
2h ....... 42O C 
15’....... 70O C 
1’ ....... on ice 
 
x 
 
O1 
 
x 
 
x 
 
PCR: 
a) Transfer grids to a new tube containing: 27.4 µl H2O + 5 µl 10x PCR buffer 
(Finzymes OY)+ 5 µl dNTPs labeling mix (10 mM dCTP, dGTP, dTTP, 7.5 
mM dATP, 2.5 mM dig-dUTP)+ 4.6 µl oligo-dT17 (5.4 ng/µl) + 8 µl Ole e I 
primer (5’-ACCTCCAGTTTCTCAATTTCAC-3’ 3.12 ng/µl) 
b) Amplification: 
1’ ........ 94O C 
2’ ........ 57O C 
1’ ........ 72O C 
x10, 15, 20 cycles 
5’ ........ 72O C 
 
 
xa 
 
 
x 
 
 
O2 
 
 
 
x  
 
 
0.1X SSC:  2x20’ 45o C 
x x x x 
BUFFER 1: TBS pH 7.5 + 3% BSA, 1h room temperature x x x x 
PRIMARY ANTIBODY: mouse monoclonal anti-digoxigenin (Boehringer) in 
buffer 1, 1h at room temperature. x
b xc xc O3 
BUFFER 2: TBS pH 7.5 3x5’ at room temperature x x x x 
SECONDARY ANTIBODY: goat anti-mouse IgG:10nm gold 
(BBInternational) diluted 1:25 in buffer 2, 1h at room temperature. x x x x 
ULTRAPURE WATER: 3x5’ at room temperature x x x x 
CONTRAST: 5% uranyl acetate 10’ at room temperature x x x x 
ULTRAPURE WATER: 3x5’ at room temperature x x x x 
SILVER ENHANCEMENT: (BBInternational) optional (x) (x) (x) (x) 
TABLE 1: Standard protocol used for TEM IS-RT-PCR localization of Ole e 1 transcripts.  
 
1RT enzyme omitted and replaced by water (negative control). 
2Ole e 1 oligonucleotide omitted and replaced by water (negative control). 
3Primary antibody omitted and replaced by buffer 1 (negative control). 
aUse several grids and try 10, 15, 20, 25… PCR amplification cycles. 
bUse several grids and try different antibody dilutions (1:25, 1:50, 1:100) 
cAntibody dilution 1:25 
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Fig. 1: A-E: Detection of Ole e 1 transcripts by IS-RT-PCR in ultrathin sections of mature pollen grains of 
olive. A: Gold particles (circles) in the cytoplasm of the vegetative cell. The pollen wall, vacuoles, plastids and 
mitochondria appear unlabeled. B: Detail of the rough endoplasmic reticulum showing intense labeling in the 
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associated ribosomes. C: Vegetative cell cytoplasm showing intense labeling. The organelles (plastids and 
mitochondria) are devoid of labeling. D: negative control prepared by omitting the reverse-transcription step. 
No labeling over the background is present (circle). E: negative control prepared by omitting both 
oligonucleotides from the PCR mix. Labeling is also practically absent. F: immunolocalization of Ole e I 
protein in olive pollen grain: gold particles localize localize in the lumen of RER vesicles or pockets scattered 
in the cytoplasm, and in the outer pollen wall (exine). Cy: cytoplasm, ER: endoplasmic reticulum, Ex: exine, G: 
Golgi, GC: generative cell, M: mitochondria, P: plastid, V: vacuole. Scale bar indicates 1 µm. Reprinted from 
MICRON, 33, Alché JD, Castro AJ and Rodríguez-García MI: Localization of transcripts corresponding to 
the major allergen from olive pollen (Ole e 1) by electron microscopic non-radioactive in situ RT-PCR, 33-37, 
Copyright (2002), with permission from Elsevier Science.  
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